It is a well established fact that rapid deterioration of the environment, soaring fuel prices and dire need of economic growth are among few factors that lure the world's nations to search and develop alternate sources of fuel to fulfill their energy requirements. Conventional methods of energy production are proven to be costly affairs for developing regions of the world. The persistent power breakdowns in developing countries like Pakistan has paralyzed the economy and has also affected the daily energy needs of urban and rural housing of Pakistan. Through this study, the option of renewable energy has been evaluated as the prime energy source of the future, both in developed and developing countries. This study presents a comparative analysis of renewable energy use in developing countries other than Pakistan. In addition, the study addresses the issues of energy crisis in rural housing and the potential to adopt renewable energy as the prime source of energy for housing in rural and remote settlements of Pakistan. The aim of this is to explore the adoption of renewable energy in global perspective and review the rural housing design for adoption of renewable energy.
INTRODUCTION
Development and adoption of reliable source of renewable energy are major challenges being faced by most parts of this planet. Most of the research work under the caption of renewable energy encompasses around the limited models of adoption for this form of energy. It is generally assumed that the renewable energy technologies can bring a revolution in the lifestyle and living standards of people in remote areas. According to AKPBSP (2010) , households with renewable electricity have decidedly better levels of income, expenditures and education than those without electricity. However, despite its multifaceted value in reducing poverty and improving *Corresponding author. E-mail: afaqhyder@yahoo.com. the quality of life, there are to date many parts of Pakistan entirely bereft of access to electricity. However, to introduce and implement this form of energy, there is a need to take certain promotional measures like a practical demonstration, education of masses through outreach programs, financial assistance and pilot projects. But limited research has been conducted for development of a popular model of renewable energy. However, environmental and geographical conditions have much supported the adoption of renewable energy in tropical and sub tropical countries like Pakistan, India, Malaysia, Thailand and Indonesia, which are blessed with high rate of wind velocity, long sunshine hours and long coastal belts. resolute in his study that, the renewable energy resources are particularly suited for the provision of rural power supplies and a major advantage is that equipments such as flat plate solar driers, solar power, wind machines, geothermal energy, wave, tidal, power from ocean gradients, etc., can be constructed using local resources and without the advantage results from the feasibility of local maintenance and the general encouragement such local manufacture gives to the buildup of small scale rural based industry. Whereas, Abdul-Rahman et al. (2011) has established that, efficient use of energy plays an essential role in minimizing energy usage and carbon dioxide emissions. The study further state that, energy efficiency status in buildings for continuing improvement in building energy performance could be achieved through sustainable synergy and design strategies.
According to Uyigue and Archibong (2010) , the renewable energy technologies have the ability to give self reliance to local communities, where they can utilize the excellent renewable energy resources available for their own good. It will allow local people to have control over their energy resources and determine the type of energy to use for their daily needs. presents the preview of renewable energy and records that, virtually all regions of the world have renewable resources of one type or another. Research and development investments in the past 25 years in renewable technologies development has lead to important advances in performance and resulting cost effectiveness. Renewable resources currently account for about 9 to 10% of the energy consumed in the world; most of this is from hydropower and traditional biomass sources. Wind, solar, biomass and geothermal technologies are cost effective today in an increasing number of markets and are making important steps to broader commercialization.
According to a recent report by Renewable Energy Network (REN) (2007), the organisation mentioned that global wind generating capacity is estimated to have increased by 28%, while that of solar panels has surged by as much as 52%. The sector now accounts for 2.4 million jobs globally, and has doubled power generating capacity in the last three years to 240 Giga watts. But renewable energy is still undergoing the development phase, and steady efforts are on the way to make full use of renewable energy resources to provide energy on competitive rates. Developed countries like United States, England and Scandinavian counties have successfully adopted the various forms of renewable energy and under developing countries like Malaysia, China, India, Thailand, UAE and Pakistan are also following the same path. Based on geographical and environmental resources, these counties have adopted various modes of renewable energy. However, in year 2003, England has adopted the most successful model of offshore tidal turbine at terrain of Devon's coast.
According to news published in British Broad Casting (BBC) (2003) , England has installed a tidal energy turbine at coasts of Devon to produce 300 KW of electricity. The company claims that this turbine is a first full scale production model of tidal energy turbine in the world. Moreover, manufacturers are very optimistic about success of this form of renewable energy and state that, England can produce 10 Giga Watt of electricity through this mode of renewable energy.
Geothermal energy is also one of the thriving modes of renewable energy and according to report of Union of Concerned Scientists Citizens and Scientists for Environmental Solutions (UCSUS) (2008) the amount of heat within 10,000 m of earth's surface contains 50,000 times more energy than all the oil and natural gas resources in the world. United States has well adopted this form of energy to fill the gap of the energy requirements of the country. This report has further revealed the potential of geothermal energy and declares that San Francisco in United States is producing 2000 megawatts (MW) of electricity through this form of renewable energy. This form of energy is adding substantial electricity in the power sector of the country, according to the study of Environmental and Energy Study Institute (EESI) (2006), geothermal energy is responsible to produce five percent of electricity used by the California, United States. Furthermore, the EESI (2006) added that El Salvador is producing 25% of electricity consumed in the country through geothermal energy.
There is a general misconception that renewable energy is much costlier than convention fossil fuel energy but according to the research of California Energy Commission (CEC) (2003), a new facility of geothermal energy can produce electricity at cost of US cents 4.5 and 7.3 per KWh, making it competitive with conventional fossil fuel-fired power plants. This cost of electricity could be calculated in Malaysian Ringgits as 1.31 RM to 2.29 RM per KWh.
Comparison of renewable energy resources reveals that, wind is the only source easily available for use in the production of electricity around the world. Global availability of this source has paved the way for fast development and adoption of wind turbine technology. However, Commission of European Communities (2005) has compiled the comprehensive data to explain the effectiveness of various sources of renewable energy in production of electricity in the continent, as shown in Figure 1 . The results demonstrate the overall capability of producing electricity by using various types of renewable energy sources available in Europe. However, share of wind energy (off shore and on shore) is highest in production of electricity, that is, 17.3%.
Comments 1: Cross examination of previous discussion reveals that, comparing to other forms of renewable energy, wind energy is the most suitable and successful mode of energy. Wind energy technology is well tested and highly productive, therefore, suitable for most of the regions around the globe. In addition to this, power production through wind energy is easy to enhance, and it only involves the adding of more wind turbines. Adoptions of other renewable energy sources are impossible in all regions of the world and their production level varies from the region to a region. For example, geothermal energy is effective and cost efficient in the regions having highest underground temperatures. Whereas, adoption and productivity of tidal energy are largely depending upon the sea currents, and its adoption is nearly impossible in land locked countries and regions of Central Asia, Africa and United States. Because of limitations and geographical constraints, tidal energy has not yet proven its global effectiveness towards sharing the load of energy crisis.
ADOPTION OF RENEWABLE ENERGY: A COMPARATIVE ANALYSIS OF DEVELOPING NATIONS
Existences of energy crisis are more perceptible in developing nations rather than developed nations. Fragile economies of developing nations are not able to sustain the higher cost of conventional fuels. Dire need of cheaper fuel and energy has lured these nations to adopt various modes of renewable energy.
India
India has engaged various forms of renewable energy sources for production of electricity but the most effective case study is reported by Hindu (2008), according to this report, India's first tidal energy project comes up in about two years and will bring power to the one hundred fifty thousand people living in the 11 villages in surrounding areas of the Sundarban. The report further reveals that similar projects are also under planning for areas where there is known potential for this form of renewable energy. The report has quoted, S. P. Gonchaudhuri, Managing Director of West Bengal Green Energy Development Corporation declares that, Eight mega watts of electricity have been produced for 4.4 million people, and efforts are now on to bring an additional 05 million person in India under this coverage by 2012. This report shows that by year 2012, India will be capable of producing electricity for almost 9.4 million people in selected areas of the country by using renewable resources of tidal energy.
Thailand
It has been observed that Thailand has an approach very systematically towards adoption of renewable energy. Greacen and Bijoor (2007) revealed that the country has evaluated the total available potential of renewable energy of the country in year 2003 as shown in Figure 2 and subsequently adopted the policies to achieve the targets. Research further adds that in year 2002, Thailand was the first developing country to adopt net metering regulations (Small Power Producer Program) that provide streamlined interconnection schedule and arrangements for even smaller renewable energy generators under one megawatt in size. In the first four years, 13 MW were connected to the grid through this program. This policy of Thailand will not only encourage the use of renewable energy in remote areas but also invite the small groups and individuals to invest in the renewable energy sector. [9] Further reveals that, Thailand's government set a target that, 8% of all commercial energy would come from renewable energy by year 2011.
Abu Dhabi, UAE
Study of Walsh (2007) has highlighted the large scale use of renewable source of energy in deserts of Asia and Africa for production of electricity. Briefing about UAE experience with renewable energy, the research declares that, despite the fact that UAE ranks 6 th in oil production; the country is investing millions to turn UAE as a role model for production and business of photovoltaic renewable energy. The report further reveals that, Masdar City of UAE is turning into the show case for sustainable design with a radically innovative development powered completely by renewable energy.
Walsh describes about the form of renewable energy and explains that, Masdar City will be mostly solarpowered and using both traditional rooftops photovoltaic panels and Concentrated Solar Power (CSP). However, the city also plans to build a 100-MW (CSP) plant in the nearby town. CSP plants could potentially supply significant portion of a country's electricity supply.
Research of Walsh also explains the experience of Algeria in renewable energy. The report highlights the accomplishment of Algeria and states that, Algeria has planned to build 150-MW CSP plant by year 2012, with planning of selling six Giga watts (GW) of solar power to Southern Europe by 2020.
Malaysia
Parallel to other developing countries of the world, Malaysia is also dependent on energy for its economic growth. The considerable amount of energy in Malaysia is channeled to the economic growth through industrialization, industrial up gradation and development, country's exports and socioeconomic progress of its citizens. Sulaiman and Zain (1996) mentioned that Malaysian economy undergoing sustained growth of close to 9% per annum over the last eight consecutive years, the demand of electricity as the engine to power the economic development is expected to rise in excess of 10% annually". The report has developed a viable link between energy and economic growth in Malaysia. Perhaps the report emphasis that energy has played an important role in the development of Malaysia. And greater industrialization and rate of urbanization, efficient supply of energy at acceptable cost and insufficient quantity will remain principal issues in future policies for the country.
Abul Wahab et al. (2005) anticipate the Malaysian need of energy in next 25 years and also explain Malaysian policies for renewable energy. Reports add that Malaysia final energy consumption is predictable to grow at an annual rate of 4.8% from 2000 to 2030. However, the transport sector will grow the fastest during the next 25 years with an annual growth projected at 5.3%. The industrial sector will grow at an annual rate of 4.8% while other sectors, which include residential, commercial and agricultural sectors, will grow at an annual rate of 4.2%. Report further asserts that in order to accomplish the energy need, oil will still remain as the most used fuel and is probable to grow at 4.7% per annum and renewable energy source (biomass) will remain the least used resource for energy need and will have a growth rate of 1.5%. These statistics shows that Malaysian Government will keep depending on using conventional fuels as major source of energy production in next 25 years. However, the report also states, under 9th Malaysia Plan that Malaysian Government will continue its efforts to promote renewable energy and efficiency as part of a sustainable development agenda to progression towards Vision 2020. The report further adds that, under 9 th Malaysia plan, Malaysia allocates $1.5 bn for renewable energy. The projects would be developed in the central region of Sarawak state in East Malaysia and would cover 70,700 sq km.
The research of Mokhtar (2002) also gave an assists to understand the Malaysian policy towards adoption of renewable energy and its implementation. Table 1 shows that a total 112 MW of electricity is planned to produce through 17 projects. Among these projects, biomass energy production has managed to get maximum approvals, whereas solar and wind energy did not manage to get even single approval. This trend shows that among renewable energy options, Malaysian government is mostly relying on biomass and has not yet explored its potential of renewable energy production through sources like tidal, photovoltaic, geothermal and wind. However, the source of biomass is mostly consisted of palm oil waste. Here, it is worth mentioning that Malaysia has the world ranking in palm oil production but vast palm tree plantation is causing deforestation.
China
According to Renewable Energy Policy Network, wind energy growth in Asia is on the rise, and China is leading the switch to wind with more installed capacity and manufacturing facilities. The study further reveals that China has moved from 10th position to 8th position with production of 1260 MW electricity by wind energy. Another report of Renewable Energy Policy Network reveals that by year 2020, China has planned to fulfill 15% of its total energy need through the use of various forms of renewable energy. In addition to China's national target, there are numerous renewable power generation projects present in China, which includes, 300 GW of hydro power, 30 GW of wind power, 30 GW of biomass and 1.8 GW of photo voltaic sources of renewable energy. The report declares that China is among top five countries of the world relying most on the renewable source of energy.
Pakistan
While most of the country (Pakistan) has been powered through the centralized model of thermal power stations and a central grid but this mode has failed to provide electricity to many isolated villages in Pakistan. This isolation and the consequent lack of access to electricity have been the major obstruction to growth and development of Pakistan's rural economy (AKBSP, 2010) . Mubarakmand (2010) considers that life of Pakistan is depending on ample supply of energy, and Pakistan is currently relying on the conventional power generation mechanism, that is, hydro power, coal and fossil fuels. However, Pakistan should learn the lesson from USA, Japan and Korea where solar, wind and geothermal mode of power generation in contributing in energy demands of these countries. Conceivably, this study suggests that in order to overcome the energy shortfall, Pakistan should survey and pursue for the successful model of renewable energy being employed in developing regions of the world.
Pakistan has the high potential for adopting the renewable form of power generation, particularly sun and wind energy. Solar energy is the most abundant and widely distributed source of energy in Pakistan. The number of clear sunny days ranges between 250 to 300 days. Electricity produced directly through sun energy is emerging as clean energy for larger application, for (Zaidi, 2010) . Study of Zaidi has also identified the various areas in Pakistan that are viable for production of electricity through wind energy, as shown in Table 2 . The aforementioned account reveals that Pakistan is on a crossroad of the power shortfall, and both urban rural housing and development is highly affected by non availability of electricity. Therefore, this study suggests that sources of renewable energy should be promoted through public and private partnership basis and there is a need to work out the guidelines to increase the contribution of renewable energy in the national power grid.
RURAL HOUSING DESIGN AND ADOPTION OF RENEWABLE ENERGY IN PAKISTAN: CASE STUDY OF IBRAHIM GABOL VILLAGE DISTRSTICT THATA PAKISTAN
Village Ibrahim Gabol, Thata District is situated in Southern Sindh (wind farming belt) Pakistan and until March 2010 the residents of this isolated region had never seen an electric appliance in their houses. Some villagers would walk up to two hours to the nearest village with electricity to charge their cell phones. The children had never known what it felt like to spend an evening under a bulb or listening to the radio at home. It is almost implausible that such villages exist in the 21st century. One key reason this village had not benefited from grid connection was that its geographical isolation offered an extremely low return on investment made in grid extension by the government. This required a solution that would be renewable and cost effective.
Sustainable housing design in Ibrahim Gabol Village: A support to adopt renewable energy
Site visit of Ibrahim Gabol village presents the view of typical poverty ridden village of Pakistan. The overall design features of Ibrahim Gabol housing present a good blend of vernacular sustainable house design techniques.
Housing design and construction in Ibrahim Gabol Vilage present forms of vernacular or traditional housing construction practices, materials and elements that result in good performance in the context of energy conservation and thermal comfort. These forms are particularly common for hot and humid regions of Pakistan. In many cases, good results have been achieved without any specific technical knowledge, but rather "natural selection" process applied to building construction. Because of unavailability of electrification at the site, the local population has learned the principles of sustainable design and construction techniques based on lessons from their forefathers, as well as through a trial and error process. However, the building practices that performed well in hot and humid climate were replicated and further improved. This process has occurred across several other villages in the periphery of Ibrahim Gabol Village, where there is no access of electrification and population as a whole is only relying on natural and passive methods of lighting and ventilation. In fact, the existing housing design and building practice has paved the way for successful adoption of electrification through the renewable source, because the average households in the village requires not more than 80 watt of electricity.
The Ibrahim Gabol Village is consisting of narrow muddy lanes flanked by clusters of thatched housing without immediate periphery. Houses are made up of sustainable materials such as straw, bamboo, tree stock, as shown in Figure 3 . The structure of the house is consisted of 3" inch diameter bamboo and wooden stacks used for both vertical and horizontal supports in the house, tied or nailed with each other. Walls and roof of housing are consisted of membranes made of knitted dried date palm leaves. Housing floor is made of well compacted and rammed mud plaster to carry loads and to provide smooth finish, as shown in Figures 3 and 4 .
Placement of oriels in the housings design is evident that science of sustainability is not new to local people because houses of the village are primarily designed on basic principle of sustainability. In order to introduce cool air in house enclosure, the intake oriels are placed at the low level on both windward direction and outlet for stale air is placed immediate under roofing projection, as shown in Figure 4 . The overall design of housing in Ibrahim Village has helped to minimize the daytime use of electricity and also ensure the thermal comfort inside the enclosure during day and night hours, whereas after sun set the housing design of Ibrahim Gabol Village supports the use of minimum illumination and mechanical ventilation (fan). 3 and 4 are used only for sleeping purpose and for keeping valuable house hold only. Whereas, the other house hold activities such as cooking, washing, toilets, etc., are placed out of this enclosure and most of these house hold chores normally being performed within day light hours. This lifestyle also helps to minimize the use of electricity after sun set hours.
Therefore, this research concludes that passive design of rural housing, particularly housing in Ibrahim Gobal Village set example of maximum achievement of basic electric needs through adoption of the renewable power Chohan et al. 1973 resources.
Technical aspect of electrification through renewable energy resource
In year 2010, Aga Khan Planning and Building Service, Pakistan (AKPBS, P) has initiated an electrification program in the rural area of Sindh Pakistan. The project was the joint venture of AKPBS, P, Pakistan Poverty Alleviation Fund (PPAF) and the World Bank and community participation. In March 2010, the AKPBS, P with support from the PPAF, the World Bank and almost 8% contribution by the village residents, installed three 2000 watt wind turbines, three 500 W solar panels and three street lights in Ibrahim Gabol, as shown in Figure 5 . These installations are capable of catering 75 households in the village. Utilizing both local and renewable energy sources is very desirable for Ibrahim Gabol Village, not only from an environmental point of view but also in stimulating economic benefits and an improved quality of life.
The immediate benefit of electrification in Ibrahim Gabol has been marked with improved lighting, which is much brighter, cheaper and safer than that provided by kerosene lamps. All households have been given enough power, that is, 50 watts (approx) to run a fan, two energy saver lamps and a cellular phone charger.
It is expected that these basic amenities will bring about a significant improvement in rural living standards and strengthening of rural enterprises. Moreover, it is also expected that exposure to the immediate benefits of electricity will mobilize the residents and their neighboring villages to install such renewable and local energy systems in their villages. 
Details of installation and energy output

CONCLUSION
The discussion can be summarized as that the use of renewable energy sources has geared up in many countries of the world. Perhaps the possible reasons for this momentum are implicative factors of conventional fuel use, warning condition of environmental issues and climate change. However, in some regions of the world strong influences of politics will have played a vital role to increase the use of renewable energy. Preview of renewable energy reveals that European Union has progressed much in promoting and using renewable energy. This is accomplished through implementation of special policy instruments, aiming at fostering renewable energy projects.
Developing nations like China, India, Pakistan, Thailand, UAE and Malaysia have also realized the growing concerns of conventional fuel shortage and has taken necessary steps by formulating the renewable friendly policies, evaluating the future need of energy and possible resources of renewable energy in their respective countries. However, among these counties, China and India have set the example by using renewable energy source for larger areas and large segment of population. However, adoption of renewable energy is not an easy task to be achieved, and it requires an intensive research on issues of cost effectiveness, maintenance and initial investment, etc. However, the appropriate renewable energy option is largely determined by the local climatic and geographical conditions. These facts act as constraints in renewable energy industry to come up with efficient and successful model for each type of renewable energy source. Study of remote regions of Pakistan such as Ibrahim Gabol Village (housing), has shown that population of these areas is ready to participate for electrification of their respective areas. Fortunately, these remote areas are also identified as Pakistan's wind corridors shown in Table 1 . However, electrification through wind energy is still at an early stage. The government of Pakistan has not yet undertaken any serious measures to improve rural livelihoods and to expand access and availability of modern and clean energy services to remote areas. Therefore, there is the need to identify power demand of areas in Pakistan wind corridor regions and international donor agencies should be moved to take up the task for a provision of renewable power generation facilities.
The use of renewable energy is being promoted in ASEAN but policies as well as implementation are still relatively in early stages as compared to Europe. Developing countries have huge potential to adopt the various types of renewable energy sources but so far it is chiefly relying on biomass energy. International assistance, technology and policies are supporting the promotion of renewable energy but modest efforts have been taken to bring the potential output of wind, tidal and photovoltaic renewable energies. The adoption of renewable energy in Pakistan is still at infancy stage but it is only viable solution for provision of electricity in remote and rural areas of Pakistan. According to AKBSP (2010), rural housing electrification through renewable energy in Pakistan is being demonstrated in many cases and its impact on the economy at a broader level. For example, women sewing at home can have access to income opportunities in societies where women are not allowed to work in the fields or elsewhere. Additionally, crop productivity can be increased by using irrigation pumps and small businesses and shops can stay open for longer, consequently strengthening rural enterprises. This study has concluded that electrification through renewable energy can provide viable solution to needs of small house in rural and remote arrears of Pakistan.
